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Two Automated Methods for Measuring Plasma Thiocyanate Compared
Cyril J. Vesey' and Clive J C. Kirk2 '3 In an interlaboratory comparison of two continuous-flow analytical procedures for measuring thiocyanate, we used ferric nitrate (y) and p-phenylenediamine/pyridine (x) as colorimetric reagents to measure its concentrations in plasma of 100 consecutive patients attending a peripheral vascular disease clinic. The results correlated well (r = 0.987, p <0.001; y = 0.938x + 1.2 MmoI/L). However, there were small, systematic, positive differences between the phenylenediamine values and the corresponding ferric nitrate values (paired t = 5.4, p <0.001). These differences were linearly related to the means of the pairs of results (r = 0.42, p <0.001; y = 0.0739x -2). Nevertheless, when we used previously determined cutoff points the two sets of SCN concentrations concurred completely in classifying the 100 patients as smokers or nonsmokers. On the basis of selfclassification by 71 of these subjects, the measurement techniques had a sensitivity of 91% and a specificity of 75%; when five patients claiming to be nonsmokers but found to have abnormally high values for carboxyhemoglobin (2.7- (23, 24) . In the Aldridge procedure, losses of SCN could result from the deproteinization of plasma samples with trichloroacetic acid. Because each of these methods has been used to measure plasma SCN in studies of smokers, we decided to determine whether they give similar results.
Materials and Methods

Samples, Chemicals
Blood was sampled from 100 consecutive patients attending a peripheral-vascular-disease clinic at Charing Cross Hospital. Of these, 71 were willing to answer a questionnaire about their smoking habits.
We measured the carboxyhemoglobin (%COHb) in each blood sample with a 182 CO-Oximeter (Instrumentation Laboratory, Lexington, MA), then separated the plasma and stored each sample in two tightly stoppered tubes at -20 #{176}C until SCN was measured "blind," at Charing Cross Hospital and St. Bartholomew's Hospital, by each of the two methods.
We used analytical-grade chemicals, from BDH Chemicals Ltd., Poole, U.K., unless otherwise specified, and prepared reagent solutions in de-ionized, distilled water.
Ferric Nitrate Method
Reagents. Working stock (NH4SCN, 1 minolfL) is prepared freshly for each analysis by diluting 1 mL of stock solution to 100 mL with water. Working standards are prepared by diluting 2, 5, 10, and 20 mL of the working stock to 100 mL with water to give concentrations of 20, 50, 100, and 200 LmoWL. Prepare fresh standards for each analytical run.
Procedure.
The procedure is essentially that of Butts et al. 
The procedure, a modification of two published continuous-flow methods for measuring cyanide (21, 22), requires no unusual AutoAnalyzer I (Technicon) equipment. The flow diagram is shown in Figure 2 . The air inlet to the pyridine reagent bottle and the air outlet from the waste reservoir are attached to traps containing HC1, 5 mol!L, and a few drops of universal pH indicator solution.
Add 4.5 mL of 50 g/L trichloroacetic acid solution to duplicate 0.5-mL plasma samples, mix, allow to stand for 20 mm at room temperature, then centrifuge for 20 mm at 2500 rpm. Run supernates and standards at 40 samples per hour with a sample:wash ratio of 1:2.
Quality Control ( Of the 71 patients who volunteered details of their smoking habits, 35 admitted they were smokers and 36 claimed they were not smoking. The SCN concentrations measured by both methods verified the claims of 32 smokers and 27 of the "nonsmokers." Thus for this small population the sensitivity was 9 1.4% and the specificity 75% with both methods. The falsely positive and falsely negative values for plasma SCN are given in Table 2 , together with data on the %COHb. completely independently, and different plasma pools were used for each.
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recovery: Standard amounts of NH4SCN were added to previously analyzed pooled plasma from known smokers and nonsmokers, and the mixtures were analyzed eight to 10 times.
Repeatability:
Plasma pools from smokers and nonsmokers were repeatedly analyzed during four to seven months.
Statistical Methods
We compared the results for SCN by the two automated techniques, using Deming's regression analysis and the computer program developed by Davidson and Williamson (25) . We also used Student's t-test for paired data and calculated a regression of the differences between the pairs of SCN results against their means, using the Minitab computer package (Pennsylvania State University).
The patients were classified as smokers or nonsmokers on the basis of best-fit cutoff points (70 moIlL for the ferric nitrate method, 73 mol/L for the phenylenediamine method) determined in our previous studies (3,26) ; from the selfreports of smoking habits, we calculated specificity and sensitivity for the two methods. The %COHb results were used to check the veracity of the statements of those subjects who claimed not to be smoking. The critical %COHb value best able to delineate smokers from nonsmokers has been variously quoted as 1.6% and 2% (2, 3) . For %COHb as measured with the Model 182 COOximeter (Instrumentation Laboratory) we found 2% to be the best discriminating value.
Results
Quality control. The phenylenediamine method gave analytical recoveries ( 
Discussion
The sensitivity of SCN as a discriminator is affected by the fact that some smokers smoke fewer than five cigarettes per day, or may not inhale-"light smokers." In a previous study (27) we noted that 71% of individuals smoking one to five cigarettes per day had less than 73 mol of SCN per liter of plasma (and 57% had values for COHb below 1.6%), and even 26% of those smoking six to 15 per day had <73 molfL (with 10% below 1.6% COHb). This is probably the situation with the three false negatives in Table 2 . One smoked only three cigarettes per day, another rolled his own cigarettes. Both had high values for COHb, suggesting they had smoked shortly before blood sampling.
The third subject, smoking 10 cigarettes per day, had a low COHb and was therefore probably a nomnhaler.
A major factor affecting specificity is that some smokers will claim to be nonsmokers.
Our subjects attending a peripheral-vascular-disease clinic were under considerable pressure to stop smoking (26), and their desire to conform to the clinicians' wishes obviously strained their truthfulness. Indeed, of the 36 claimed nonsmokers, nine had SCN values by both methods that clearly exceeded the respective cutoff values. Of the nine, five had %COHb values exceeding the critical level; thus their increased SCN concentrations can be safely assumed to arise from smoking and the specificity of the two methods is, more correctly, 89%.
A second factor affecting the power of measuring SCN in plasma to distinguish nonsmokers is the relatively long half-life of this analyte (about 14 days; 20), so that persons who recently have stopped smoking may still have abovenormal SCN. This is possibly the case with a further three of the nine reported "nonsmokers," one of whom indeed claimed abstinence for one week.
Some items of food may contribute to increased SCN concentrations.
One patient who was adamant that she was a nonsmoker had a high value for plasma SCN (90 pmollL) that appeared to result from her daily consumption of large amounts of Brassicas (Table 2) . When she omitted all cabbage from her diet for one month her plasma SCN declined to 71 mo1IL. Two months after resuming her normal dietary regime her plasma SCN increased to 131 tmolIL. A similar, though less marked, variation in plasma SCN was shown by her nonsmoking husband.
Such factors underlined by our results, particularly the inclusion of smokers among nonsmokers (28), will be responsible for the variations in cutoff (discrimination) values between the different studies that we list, for comparison, in Table 3 . The convenience and economy of the ferric nitrate method clearly excel those of the phenylenediamine procedure. It involves cheaper and less hazardous reagents and requires no sample preparation.
The phenylenediamine method has the advantage that it can also be used for HCN measurements. HCN can be determined, after it has been separated and concentrated from blood or its fractions, by aeration (29) or diffusion (30) into NaOH, 0.2molIL, with no modification of the procedure other than use of NH4SCN standards in the NaOH. NH4SCN is used rather than KCN because it is more stable in solution; both are converted quantitatively to cyanogen bromide.
We conclude that there is a good linear relationship between results by the ferric nitrate and phenylenediaroine methods for measuring plasma SCN but, not surprisingly, there are small, random, and systematic differences between the two. However, these are not great enough to affect discrimination between smokers and nonsmokers. 
